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ABSTRACT 

The concept of Design for Assembly (DFA) assure cost effective assembly process by 
minimizing the assembly efforts. Part count reduction is one of the primary objective of DFA, 
which reduces the number of assembly levels and assembly tooling. However reducing part 
count with modified part geometries do not allow to follow the same assembly sequence that of 
used earlier. In this contest a framework for DFA coupled with assembly sequence planning to 
minimize the number of parts using the assembly coherence data and material compatibility 
testing without disturbing the functionality of the product is presented. 
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1. INTRODUCTION 

Mechanical assembly process consumes 30-40% overall manufacturing cost [1], The concept of DFA 
further minimizes the assembly cost by reducing the total number of parts with modified topologies 
and without disturbing the functionality of the product intended to perform [2]. As the number of parts 
is reduced, the need of tolerances also minimized and further economizes the assembly process [3-5]. 
Although assembly tooling with reconfigurable manufacturing influence the overall product cost, the 
present research is focused on need of DSP and ASP at early stages of redesign process. 

Assembly sequence generation methods basically focused on determining one or multiple feasible 
and stable assembly sequences considering various assembly predicates [6-10]. Considering all 
necessary assembly predicates assure appropriate assembly sequence that can be physically possible 
[ 11 ], 
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Retrieving all the necessary assembly attributes from computed aided design (CAD) models 
through CAD interfacing has been practiced by many researchers. Assembly contact relations, conflict 
detection techniques were used to generate liaison matrix [12-13]. Bahubalendruni presented 
geometric feasibility testing using part bounding box coordinates using different CAD data 
exchanging formats [14-16], Assembly stability is one of the essential criterion to be followed to 
ensure stable assembly subset, Smith initially proposed concept of stability using soft and hard 
connections, further Bahubalendruni enhanced classified hard connections into two categories [17-19]. 
Mechanical feasibility is yet another assembly predicate ensures the geometric feasibility of 
mechanical connectors De Mello [20-21], 

There exist several knowledge based assembly sequence generation methods to generate all set of 
assembly sequence using assembly attribute data [22-24], Several researchers focused on obtaining 
optimal assembly sequences using artificial intelligence techniques [25-29], However the application 
of assembly sequence planning is not extended towards DFA. In the present research, all set of 
assembly sequences are generated and further assembly coherence, material compatibility and 
functional requirements were applied to test the possibility of minimizing total number of parts. 

2. OVERVIEW OF PART CONCATENATION METHOD 

Part concatenation method builds assembly subsets starts from 2-part assembly subset generation to 
higher lever subset generation till the number of parts in the subset reaches to total number of parts in 
the given product. The process is iterated by appending a non-existent part after qualifying all 
necessary predicates. A brief flow diagram of part concatenation method is shown in figure 1. The 
method considers all necessary assembly predicates to generate all set of feasible and stable assembly 
sequences. 



Figure 1 Part concatenation method to generate all set of feasible assembly sequences 
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The necessary assembly information has been extracted using CAD based extracting techniques 
(Bahubalendruni, 2014a& 2015c &2016b &2016d). The method is implemented on a pen assembly 
composed of 5 parts shown in Figure 2 and the resulted intermediate level assembly subsets are shown 
in Table 1. 

1 5 

t 3 


2 

• 1 

Figure 2 Exploded view of 5 -part pen assembly 


Table 1 List of intermediate assembly subsets for 5-part pen assembly 


2 Part subsets 

3 Part subsets 

4 Part subsets 

5 Part subsets 

1-2 

1-2-3 

1-2-3-5 

1-2-4-3-5 

1-4 

1-2-4 

1-2-4-3 

1-4-2-3-5 

2-1 

1-2-5 

1-2-4-5 

2-1 -4-3-5 

2-3 

1-4-2 

1-4-2-3 

4-3-2-1-5 

2-5 

1-4-3 

1 -4-2-5 

4-3-2-5-1 

3-2 

2-1-3 

1-4-3-5 

4-3-5-2-1 

3-5 

2-1-4 

2-1-3-5 


4-3 

2-1-5 

2- 1-4-3 


5-2 

2-3-1 

2- 1-4-5 


5-3 

2-3-5 

2-3-1-5 



2-5-1 

2-3-5-1 



3-2-1 

3-2-1-5 



3-2-5 

3-2-5-1 



3-5-2 

3-5-2-1 



4-3-2 

4-3-2-1 



4-3-5 

4-3-2-5 



5-2-1 

4-3 -5 -2 



5-3-2 

5-3-2-1 
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3. DESIGN FOR ASSEMBLY 

All set of feasible sequences along with possible direction matrix is considered at this stage to 
determine possible minimum theoretical number of parts. For this purpose, three different filters are 
considered related to product topology, materials and product functionality. 

3.1. Assembly Coherence and Geometric Feasibility Filter 

A pair of parts can be merged together to create a new part with modified geometry, if there exist at 
least one surface contact between them provided both of the parts possess same feasible assembly 
direction. At this phase all such pairs are identified from the all set of feasible assembly subsets 
created through part concatenation method. 

3.2. Material Compatibility Filter 

Besides the geometric feasibility testing, the pair of the parts should also made up of same material 
else one of part material can be applied to other part. Basic material compaitibility testing will be done 
based on the mating parts and working atmosphere of the merged part taking environmental conditions 
into consideration. 

3.3. Functional Requirement Filter 

Though the pair of parts are in contact and possess material compatibility, it must also not leads to 
obstruction of assembly functionality intended to perform. Hence assembly functionality is applied as 
a final filter to determine the qualified part pairs. 

All the DFA filters have been applied on the feasible assembly sequences and the feasible DFA 
based assemblies are listed in Table. 2. 


Table 2 DFA based assemblies are listed 


s. 

No. 

Assemble 

Sequence 

Direction 

matrix 

Assembly 
coherence and 
feasibility 

Material 

Compatibility 

Assembly 

Functional 

Requirement 

DFA 

resulted 

sequence 

1 

1-2-4-3-5 

z-,z-,z-,z-,z- 

Yes 

Yes 

Yes 

(l-2)-4-3-5 

2 

1-4-2-3-5 

z-,z-,z-,z-,z- 

Yes 

Yes 

Yes 

l-4-(2-3)-5 

3 

2-1-4-3-5 

z+,z+,z-,z-,z- 

Yes 

Yes 

Yes 

(2-l)-4-3-5 

4 

4-3-2-1-5 

z-,z-,z+,z+,z- 

Yes 

Yes 

Yes 

4-3-(2-l)-5 

5 

4-3-2-5-1 

z-,z-,z+,z-,z+ 

Yes 

No 

No 


6 

4-3-5-2-1 

z-,z-,z-,z+,z+ 

Yes 

Yes 

Yes 

4-3-5-(2-l) 


4. CONCLUSION 

The concept of DFA implementation before assembly sequence generation leads to inappropriate 
results, most of the sometimes the resulted is practically an infeasible assembly configuration. Hence 
an assembly sequence planning based DFA framework is proposed and illustrated through an example 
product. The results indicate that assembly coherence and feasibility filter, material compatibility filter 
and assembly functionality filter results an appropriate feasible assembly configuration with reduced 
number of parts and minimized assembly efforts. The proposed method results multiple feasible 
alternate possible solutions to the user. 



http://www.iaeme.com/IJMET/index.asp 


editor@iaeme.com 




U Sudhakar, M V A Raju Bahubalendruni, B B Biswal and B B V L Deepak 

REFERENCES 

[1] Kalpakjian, S. (2001). Manufacturing engineering and technology. Pearson Education India. 

[2] Boothroyd, G., Dewhurst, P., & Knight, W. A. (2010). Product design for manufacture and 
assembly. CRC press. 

[3] Sivakumar, K., Balamurugan, C., &Ramabalan, S. (2011). Evolutionary advanced multi objective 
concurrent tolerance design of mechanical assemblies. Journal of Manufacturing Technology 
Research, 3(1/2), 29. 

[4] Kant, R., Pattanaik, L. N., &Pandey, V. (2014). Framework for Strategic Implementation Of 
Cellular Manufacturing In Lean Production Environment. Journal of Manufacturing Technology 
Research, 6(3/4), 177. 

[5] Pattanaik, L., Kant, R., &AnuragAnand (2016). A Fuzzy-Based Need Assessment Model for 
Reconfigurable Manufacturing System, Journal of Manufacturing Technology Research, 7(3/4),. 

[6] Bahubalendruni, M.R. and Biswal, B.B., 2016. A review on assembly sequence generation and its 
automation. Proceedings of the Institution of Mechanical Engineers, Part C: Journal of Mechanical 
Engineering Science, 230(5), pp. 824-838. 

[7] Bahubalendruni, M.V.A., Biswal, B.B. and Khanolkar, G.R., 2015. A Review on Graphical 
Assembly Sequence Representation Methods and Their Advancements. Journal of Mechatronics 
and Automation, 1(2), pp. 16-26. 

[8] Bahubalendruni, M.R., Biswal, B.B. and Vishal, U., 2014. Assembly sequence generation and 
automation. In International Conference on Design, Manufacturing and Mechatronics (pp. 185- 
192). 

[9] Bahubalendruni, M.R., Biswal, B.B. and Khanolkar, G., 2014. Computer aid to obtain assembly 
cut. sets from 3D CAD product. In International Conference on Design, Manufacturing and 
Mechatronics (pp. 161-167). 

[10] Bahubalendruni, M.R., 2016. Computer Aided Optimal Robotic Assembly Sequence Generation 
(Doctoral dissertation, National Institute of Technology Rourkela). 

[11] Bahubalendruni, M.R., Biswal, B.B., Kumar, M. and Nayak, R., 2015. Influence of assembly 
predicate consideration on optimal assembly sequence generation. Assembly Automation, 55(4), 
pp. 309-316. 

[12] Linn, R. J., & Liu, H. (1999). An automatic assembly liaison extraction method and assembly 
liaison model. HE transactions, 31(4), 353-363. 

[13] Bahubalendruni, M. R., &Biswal, B. B. (2014, January). Computer aid for automatic liaisons 
extraction from cad based robotic assembly. In Intelligent Systems and Control (ISCO), 2014 IEEE 
8th International Conference on (pp. 42-45). IEEE. 

[14] Bahubalendruni, M. R., &Biswal, B. B. (2015). An intelligent method to test feasibility predicate 
for robotic assembly sequence generation. In Intelligent Computing, Communication and Devices 
(pp. 277-283). Springer India. 

[15] Bahubalendruni, M.V.A. and Biswal, B.B., 2014. An algorithm to test feasibility predicate for 
robotic assemblies. Trends in Mechanical Engineering & Technology, 4(2), pp. 11-16. 

[16] Pan, C., Smith, S. S. F., & Smith, G. C. (2005). Determining interference between parts in CAD 
STEP files for automatic assembly planning. Journal of Computing and Information Science in 
Engineering, 5(1), 56-62. 

[17] Smith, S. S. F., Smith, G. C., & Liao, X. (2001). Automatic stable assembly sequence generation 
and evaluation. Journal of Manufacturing systems, 20(4), 225-235. 


http://www.iaeme.com/IJMET/index.asp 



editor @ iaeme .com 



DFA Model Through Assembly Contact Data and Geometrical Feasibility Testing 


[18] Bahubalendruni, M.V.A. and Biswal, B.B., 2016. Computer Aid for Stability Testing Between 
Parts towards Automatic Assembly Sequence Generation. Journal of Computer Technology & 
Applications, 7(1), pp.22-26. 

[19] Kumar, M., RajuBahubalendruni, M.V.A., Biswal, B.B. and Nayak, R., 2016. Identification of 
Stable Configurations between Constituent Parts of an Assembly. Applied Mechanics & Materials, 
852. 

[20] De Mello, L. H., & Sanderson, A. C. (1991). A correct and complete algorithm for the generation of 
mechanical assembly sequences. IEEE transactions on Robotics and Automation, 7(2), 228-240. 

[21] Bahubalendruni, M.R., Biswal, B.B., Kumar, M. and Deepak, B.B.V.L., 2016. A Note on 
Mechanical Feasibility Predicate for Robotic Assembly Sequence Generation. In CAD/CAM, 
Robotics and Factories of the Future (pp. 397-404). Springer India. 

[22] Bahubalendruni, M.R. and Biswal, B.B., 2015. A novel concatenation method for generating 
optimal robotic assembly sequences. Proceedings of the Institution of Mechanical Engineers, Part 
C: Journal of Mechanical Engineering Science, p. 0954406215623813. 

[23] Bahubalendruni, M.R. and Biswal, B.B., 2016. Liaison concatenation-A method to obtain feasible 
assembly sequences from 3D-CAD product. Sadhana, 41(1), pp. 67-74. 

[24] Bahubalendruni, M.R. and Biswal, B.B., 2016. An intelligent approach towards optimal assembly 
sequence generation. Proceedings of the Institution of Mechanical Engineers, Part C: Journal of 
Mechanical Engineering Science, p. 09544062 16684 159. 

[25] Bahubalendruni, M.R., Deepak, B.B.V.L, and Biswal, B.B., 2016. An advanced immune based 

strategy to obtain an optimal feasible assembly sequence. Assembly Automation, 36(2), pp.127- 
137. 1 

[26] Bahubalendruni, M.R., Biswal, B.B. and Deepak, B.L., 2016. Optimal Robotic Assembly Sequence 
Generation Using Particle Swarm Optimization. Journal of Automation and Control Engineering 
Vol, 4(2). 

[27] Nayak, R., Bahubalendruni, M.R., Biswal, B.B. and Kumar, M., 2015, September. Comparison of 
liaison concatenation method with simulated annealing for assembly sequence generation problems. 
In Next Generation Computing Technologies (NGCT), 2015 1st International Conference on (pp. 
531-535). IEEE. 

[28] BalaMurali, G., Deepak, B.B.V.L., RajuBahubalendruni, M.V.A. and Biswal, B.B., 2017. Optimal 
Assembly Sequence Planning Towards Design for Assembly Using Simulated Annealing 
Technique. 

[29] Gunji, B., Deepak, B., Bahubalendruni, M. and Biswal, B., 2017. Hybridized genetic -immune 
based strategy to obtain optimal feasible assembly sequences. International Journal of Industrial 
Engineering Computations, 8(3), pp. 333-346. 

[30] Ravikumar Thonnur Siddaramu, Rakshith Subbaraju an d Shaswath TD, Study and Modification of 
Line Assembly Technique for Tatra Equipment, International Journal of Production Technology 
and Management (IJPTM), 7(2), 2016, pp. 09-15. 

[31] Nilam K. Wankhade and Dhananjay. R. Ikhar, Design and Analysis of Axial Crossing of Work 
Rolls in Rolling Mill Work Roll Assembly: A Review. International Journal of Mechanical 
Engineering and Technology, 7(2), 2016, pp. 191-195. 



http://www.iaeme.com/IJMET/index.asp 


editor@iaeme.com 



